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METHODS AND APPARATUS FOR 
SURGICAIrCUTTING 

BACKGROUND OF THE INVENTION 
1. Timid of th« iPvaBtlon 

The present invention relates generally to the field 
of electrosurgery and, sore particularly, to siirgical devices 
and nethods which employ very high frequency electrodes 
conprising an array of individual, isolated electrode 
terminals. 

The field of electrosurgery includes a number of 
loosely related surgical techniques which have in common the 
application of electrical energy to modify the structure or 
integrity of patient tissue. Electrosurgical procedures 
usually operate through the application of very high frequency 
currents to cut or ablate tissue structures ^ where the 
operation can be monopolar or bipolar. Monopolar techniques 
rely on external grounding of the patient, where the surgical 
device defines only a single electrode pole. Bipolar devices 
comprise both electrodes for the application of current 
between their surfaces, 

Electrosurgical procedures and techniques are 
particularly advantageous since they generally reduce patient 
bleeding and trauma associated with cutting operations. 
Additionally, electrosurgical ablation procedures, ^ere 
tissue surfaces and volume may be reshaped, cannot be 
duplicated through other treatment modalities. 

The use of electrosurgical procedures in 
electrically conductive environments, however, can be 
problematic. For example, many arthroscopic procedures 
require flushing of the region to be treated with isotonic 
saline (also referred to as normal saline) , both to maintain 
an isotonic environment and to keep the field of viewing 
clear. The presence of saline, which is a highly conductive 
electrolyte, can cause shorting of the electrosurgical 
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alec^rode in both monopolar and bipolar modes. Such shorting 
causes unnecessary heating in the treatment environment and 
can further cause non-specific tissue destruction. 

Present electrosurgical techniques used for tissue 
— ablation-also-suff er— from_an_inability— to-control_the_dcpth-of 
necrosis in the tissue being treated. Most electrosurgical 
devices rely on creation of an electric arc between the 
treating electrode and the tissue being cut or ablated to 
cause the desired localized heating. Such arcs, however, 
often create very high temperatures causing a depth of 
necrosis greater than 500 /im, frequently greater than 800 ^m, 
and sonetimes as great as 1700 fim. The inability to control 
such depth of necrosis is a significant disadvantage in using 
electrosurgical techniques for tissue ablation, particularly 
in arthroscopic procedures for ablating and/ or reshaping 
f ibrocartilage, articular cartilage, neniscal tissue, and the 
like. 

In an effort to overcome at least some of these 
limitations of electrosxirgery, laser apparatus have been 
developed for use in arthroscopic and other procedures. 
Lasers do not suffer from electrical shorting in conductive 
environments, and certain types of lasers allow for very 
controlled cutting with limited depth of necrosis. Despite 
t?ese advantages, laser devices suffer from their own set of 
deficiencies* In the first place, laser equipment can be very 
expensive because of the costs associated with the laser light 
sources. Moreover, those lasers which permit acceptable 
depths of necrosis (such as excimer lasers, erbium :YAG lasers, 
and the like) provide a very low volumetric ablation rate, 
which is a particular disadvantage in cutting and ablation of 
fibrocartilage, articular cartilage, and neniscal tissue. The 
holaiiuBzYAG and NdsYAG lasers provide much higher volumetric 
ablation rates, but are much less able to control depth of 
necrosis than are the slower laser devices. The COj lasers 
provide high rate of ablation and low depth of tissue 
necrosis, but cannot operate in a liquid-f illed cavity. 

For these reasons, it would be desirable to provide 
improved apparatus and methods for efficiently cutting and 
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ablating tissue, particularly f ibrocartilags, articular 
cartilage, meniscal tissue, and the like in arthroscopic and 
other procedures. Such apparatus and methods should be able 
to selectively cut and ablate tissue and other body structures 
in electrically conduct ive environments ^ particu larly regions 
which are filled with blood, irrigated with saline, or the 
like. Such apparatus and methods should be able to perfom 
cutting and ablation of tissues, particularly f ibrocartilage, 
articular cartilage, meniscal tissue, and the like, while 
limiting the depth of necrosis and tissue adjacent to the 
treatment site. Such apparatus and methods should be amenable 
to precise control over the energy flux levels applied to the 
treatment region, and should be able to provide energy 
densities sufficient to provide rapid cutting and ablation. 
The devices should oe adaptable to a wide variety of purposes, 
particularly including both small and large electrode 
surfaces, and rigid and flexible structures which can be used 
in open surgery, arthroscopic surgery, and other minimally 
invasive surgical techniques. 

2. DescriDtion of the Background Xrt 

Devices incorporating radio frequency electrodes for 
use in electrosurgical and electrocautery techniques are 
described in Rand et al. (1985) J. Arthro. Surg. 1:242-246 and 
U.S. Patent Nos. 5,281,216; 4,943,290; 4,936,301; 4,593,691; 
4,228,800; and 4,202,337. U.S. Patent 5,281,216 describes a 
bipolar device having an active electrode coated with a high 
impedance material where the differential impedance between 
the active and return electrodes is optimized to provide a 
desired cutting effect. Vascular catheters and devices 
incorporating radio frequency electrodes to assist in 
penetrating atheroma and plaque are described in U.S. Patent 
Nos. 5,281,218; 5,125,928; 5,078,717; 4,998,933; and 
4,976,711, and PCT publications WO 93/20747 and WO 90/07303, 
the latter of which describes a cathet^ having four isolated 
electrode surfaces at its distal end. Electrosurgical power 
supplies including power controls and/or current limiting 
systems are described in U.S. Patent No. 5,267,997 and PCT 
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publication WO 93/20747. surgical lasars for cutting and 
ablation in arthroscopic and othar proceduras ara dascribad in 
Buchalt at al. (1991) Surgary and Madicina 11:271-279; and 
U.S. Patant NOS. 5,147,354; 5,151,098; 5,037,421; 4,968,314; 
4,785,806; 4,737,678; 4,736,743; and 4,240,441. 

-SOMMARY-Or-THE-INVENTION- 


The present invention provides methods not claimed in 
the present specification but claimed in divisional patent 
specification No. 314153, and apparatus 


for salactivaly applying alactrlcal energy to structures 
within a patient's body. The aathods and apparatus are 
particularly useful for perforving alectrosurgical 
interventions, such as ablation and cutting of body 
structures, through the controlled application of high 
frequency electrical voltages and currents. 

Apparatus according to the present invention 
comprise electrosurgical probes including a shaft having a 
proxinal end, a distal end, an electrode array disposed near 
the distal end of the shaft, and a connector disposed near the 
proximal end of the shaft. The shaft will be of a type 
suitable for use in open and/or minimally invasive surgical 
procedures, such as arthroscopic, laparoscopic, thoracoscopic, 
and other endoscopic procedures. The shaft may be rigid, 
flexible, or include both rigid and flexible portions, and 
will be generally suitable for manipulation by the treating 
physician from the proximal end. A common electrode may 
optionally be provided on the shaft, typically being mounted 
over the exterior of the shaft and spaced proximal ly from the 
electrode array, and preferably being covered with a 
perforate, electrically non-conductive shield to protect 
against accidental tissue contact. The electrode array 
includes a plurality of electrically isolated electrode 
terminals disposed over a contact surface, which may be a 
planar or non-planar surface and which may be located at the 
distal tip or over a lateral surface of the shaft, or over 
both the tip and lateral surface(s) . Such electrode arrays 
are particularly useful for performing electrosurgical 
ablation, as described in more detail below. In addition to 
planar and other surfaces, tha electrode mrray may ba' JS^aBged 
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in a llnaar pattern, which ia particularly usaful aa a blada 
for alactroaurgical cutting procsduraa. Tha alactroda array 
I will include at laast two and preferably mora electrode 

terminala, and may further compriae a temperature aenaor. The 
5 connector permita electrical coupling of the electrode 
terminala, and optionally temperature sensor, \o a high 
frequency power aupply and optionally temperature monitor 
and/or controller for operation of the probe. 

The use of such electrode arrays in electrosurgical 
10 procedures is parti' larly advantageous as it has been found 
to limit the depth of tissue necrosis without substantially 
reducing power delivery and ablation rates. Heretofore, 
increased power delivery with electrosurgical devices has 
generally been achieved by increasing monolithic electrode 
15 area. The resulting large electrode surfaces, however, cause 
tissue necrosis to V depth which varies proportionally with 
the width and area of the electrode surface. The present 
invention provides a more controlled necrosis depth by 
utilizing a plurality of isolated electrode terminals, where 
20 the terminals are preferably laterally spaced-apart by a 

distance from one-tenth to one terminal diameter/ with spacing 
between larger electrode terminals generally being at the 
lower end of the range. Such spacing provides adeqpiate power 
delivery and ablation rates without excessive tissue necrosis^ 
25 which is usually limited to a depth less than one electrode 
terminal diameter. 

Apparatus according to the present invention further 
include an elertrosurgical high frequency power supply 
comprising a multiplicity of independent current sources and a 
30 connector which mates with a corresponding connector on the 
electrosurgical probe. The current sources preferably 
comprise passive or active current limiting circuit structures 
in parallel with each other and in series with a common 
voltage source within the power supply. Passive current 
35 limiting circuit structures may include inductor (s), 
capacitor (6) , and/or resistor (s) in )cnown circuit 
configurations. In all cases, the passive cxirrent limiting 
structures will be designed to limit current flow when the 
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associated alactroda tanninal i» In contact with a low 
raaistanca raturn path back to the common or return electrode. 
Preferred paaaive current limiting structures comprise 
(1) Inductors in series vith each electrode terminal and 
—(2)— capacitors— in-series-and— inductors— in-parallel— wlth-each — 
electrode terminal, as described in detail hereinafter. 

Active current limiting circuit structures will 
usually comprise a switching element to turn off current flow 
whenever the associated electrode terminal contacts a low (or 
in some instances high) impedance return path back to the 
common or return electrode. The switching element could be 
mechanical, e.g., a relay, but preferably will be solid state, 
e.g., a silicon controlled rectifier (SCR) or silicon 
controlled switch (SCS). The switch will be turned on and off 
by a controller which can detect the low resistance path 
(typically by sensijig current flow above a threshold value). 
The controller can be implemented in hardware or software, 
typically being part of the power supply. 

The high frequency electrosurgical power supply 
optionally includes a temperature controller which is 
connected to the temperature sensor on the electrosurgical 
probe and which adjusts the output voltage of the voltage 
source in response to a temperature set point and the measured 
temperature value received from the probe. In this way, the 
power output and temperature may be controlled while the 
individual current sources limit or block the power output 
from corresponding individual electrode terminals. Such 
limitation of individual electrode terminal power outputs is 
critical to limiting energy loss from the electrode array as 
described in more detail below. 

The present invention still further provides an 
electrosurgical system including both the electrosurgical 
probe and electrosurgical power supply as described above. 

According to the method of the present invention^r an 
electrosurgical probe is positioned adjacent to a body 
structure so that an electrode array is brought into at least 
partial contact vith the structure. The electrode array 
includes a plurality of isolated electrodes, and a high 
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fr«qu«ncy voltaqt is applied batwaan thm alactroda array and 
tha patiant*a body. Tha voltaga cauaaa cu**rant flow batvaan 
aach alactroda taminal and tha body atructura which ia 
contactad by tha alactroda tarminal, vhara currant flow 
5 through all low alactrical impadanca paths ia prafarably but 

not necassarily linitad. It will be appreciated that auch low 
impedance paths generally occur when an electrode terninal 
does not contact tha body structure, but rather ia in contact 
with a low impedance environment, such as saline, blood, or 
10 other electrolyte. The presence of an electrolyte provides a 
relatively low impedance path back to the common or return 
electrode, which may be on the electrosurgical probe or may be 
attached externally to the patient. Such electrosurgical 
methods are particularly useful when a region is to be flushed 
15 with saline, such as in an electrosurgical ablation of 

fibrocartilage, articular cartilage, meniscal tissue, and the 
lixe, in arthroscopic procedures. 

In some cases, it may be desirable to provide 
current limitation or control when individual electrode 
20 terminals contact very high resistance body structures, such 
as bone, cartilage (which has a higher resistivity than 
meniscus and other tissues) , and the like. Current limitation 
when the electrode terminals contact high resistance 
structures will usually require active control schemes (i.e., 
25 passive control circuitry will be inadequate), and it will be 
possible to provide control protocols where current can be 
limited when it either exceeds or falls below an expected 
range characteristic of the target tissue to be treated. 

A further understanding of the nature and advantages 
of the invention will become apparent by reference to the 
remaining portions of the specif icat ion and drawings. 


30 


BRIEF DESCRIPTION OF THE DRAWINGS 
Fig. 1 is a perspective view of the electrosurgical 
35 system including an electrosurgical probe and electrosurgical 
power supply constructed in accordance with the principles of 
the present invention. 
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Fig. 2 is an •nlargsd, detailed view of tha distal 
tip of tha alactroaurgical proba of Pig. l. 

Pig. 3 ia a croaa-aactional viav of tha diatal tip 
of tha elactroaurgical proba of Pigs. 1 and 2. 
5 Pig. 4 is a achamatic viaw of a particular connactor 

and laad arrangasant which can be employed in tha 
alactroaurgical probt of Pigs. 1*3. 

Pig. 5 is h detailed cross-aactional view of tha 
distal end of an eloctroaurgical probe illustrating an 
10 electrode arrangement suitable for rapid cutting and ablation 
of tissue structures. 

Fig. 6 is a detailed left-end view of the distal end 
of the electrosurgical probe of Fig. 5. 

Pig. 7 is a detailed cross-sectional view of the 
15 distal end of an electrosurgical probe illustrating an 
electrode arrangement suitable for smoothing of tissue 
structures. 

Fig. 8 is a perspective view of an electrosurgical 
probe with the electrode array disposed at a right angle to 
20 the axis of shaft of probe. 

Fig. 9 is a perspective view of an electrosurgical 
probe with electrode arrays disposed on the lateral and tip 
surfaces at the distal end of the probe. 

Fig. 10 is a perspective view of the distal end of 
25 an electrosurgical probe with an atraumatic shield extending 
distally from the electrode array. 

Fig. 11 illustrates use of the probe of Pig. lo in 
ablating target tissue. 

Fig. 12 is a detailed end view of an electrosurgical 
30 probe having an elongate, linear array of electrode terminals 
suitable for use in surgical cutting. 

Fig. 13 is a detailed view of a single electrode 
terminal having a flattened end at its distati tip. 

Fig. 14 is a detailed view of a single electrode 
35 terminal having a pointed end at its distal tip. 

Fig. 15 is a detailed view of a single electrode 
terminal having a square end at its distal tip. 
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Pigs. 16 and 16A ar« alactrical schematic diagrams 
illustrating two ambodimsnts of tha circuitry of a high 
fraquancy povar supply constructad in accordance with the 

prinr;iplas_of_the_prasent_inyention. 

Fig. 17 is a perspective view of the distal end of 
an electrosurgical probe having an elongate « linear array of 
electrode terminals. 

Fig. 18 is a perspective view of the distal end of 
an electrosurgical probe having a deflectable distal tip. 

DESCRIPTION OF THE PREFERRED EHBODIKEKT 
The present invention provides a method and 
apparatus for selectively heating a target location within a 
patient •s body, such as solid tissue or the like, particularly 
including articular cartilage, f ibrocartilage, meniscal 
tissue, and the like. In addition to articular cartilage and 
fibrocartilage, tissues which may be treated by the method and 
apparatus of the present invention include tumors, abnormal 
tissues, and the like. For convenience, the remaining 
disclosure will be directed specifically at the cutting, 
shaping or ablation of fibrocartilage and articular cartilage 
during arthroscopic or endoscopic procedures but it will be 
appreciated that the apparatus and methods can be applied 
equally well to procedures involving other tissues of the 
body, as well as to other procedures including open surgery, 
laparoscopic surgery, thoracoscopic surgery, and other 
endoscopic surgical procedures. 

The target tissue will be, by way of example but not 
limited to, articular cartilage, fibrocartilage, and meniscal 
tissue, such as found in the joints of the knee, shoulder, 
hip, foot, hand and spine. The present invention uses an 
electrode array including a plurality of independently 
current-limited and/or power-controlled electrode terminals 
distributed over a distal contact surface of a probe to apply 
heat selectively to the target tissue while limiting the 
unwanted heating of the surrounding tissue and environment 
resulting from power dissipation into surrounding electrically 
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conductive liquids, such as blood, nox-sial saline, and the 
like. 

The electrosurgical probe will comprise a shaft 

hiivtng e proximal e nd and a distal end vhich su p ports an 

electrode array near its distal end. The shaft nay assune a 
vide variety of configurations, with the prinary purpose being 
to nechanically support the electrode array and permit the 
treating physician to manipulate the array from a proximal end 
of the shaft. Usually, the shaft will be a narrow-diameter 
rod or tube, more usually having dimensions which permit it to 
hn introduced through an associated trocar or cannula in a 
minimally invasive procedure, such as arthroscopic, 
laparoscopic, thoracoscopic, and other endoscopic procedures. 
Thus, the shaft will typically have a length of at least 
10 cm, more typically being 25 cm, or longer, and will have a 
diameter of at least 1 mm, usually being at least 2 mm, and 
frequently being in the range from 2 to 10 mm* The shaft may 
be rigid or flexible, with flexible shafts optionally being 
combined with a generally rigid external tube for mechanical 
support. Flexible shafts may be combined with pull wires, 
shape memory actuators, and other )cno%m mechanisms for 
effecting selective deflection of the distal end of the shaft 
to facilitate positioning of the electrode array. The shaft 
will usually include a plurality of wires or other conductive 
elements ziinning axially therethrough to permit connection of 
the electrode array to a connector at the proximal end of the 
shaft. Specific shaft designs will be described in detail in 
connection with the figures hereinafter. 

The electrrxle array have an area in the range from 
0.01 mn^ to 2.5 cm^, preferably from 0.025 mm^ to 1 cm^, more 
preferably from 0.25 mm^ to 50 mm^, and often from 0.5 mm^ to 
25 mm^, and will usually include at least two isolated 
electrode terminals, more usually at least four electrode 
terminals, preferably at least six electrode terminals, more 
preferably at least eight electrode terminals, even more 
preferably at least IS electrode terminals, and still more 
preferably at least 20 electrode terminals, and often 50 or 
more electrode terminals, disposed over the distal contact 
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surfaces on the shaft* By contacting the electrode array (s) 
on the contect surface (s) against target tissue and applying 
high frequency voltage between the array (s) and an additional 
connon or return electrode in direct or indirect contact with 
— the-patient^s-body,^the— target— tissue— is-selectively— ablated — 
or cut, pemitting selective removal of portions of the target 
tissue while desirably mininizing the depth of necrosis to 
surrounding tissue. In particular, this invention provides a 
method and apparatus for effectively ablating and cutting 
articular cartilage and f ibrocartilage by simultaneously 
applying both (1) electrical energy to the target tissue 
surrounding and immediately adjacent to the tip of the probe 
and (2) pressure against the target tissue using the probe 
itself. 

Each individual electrode terminal in the electrode 
array is electrically insulated from all other electrode 
terminals in the array within said probe and is connected to a 
power source which is isolated from each of the other 
electrodes in the array or to circuitry which limits or 
interrupts current flow to the electrode when low resistivity 
material (e.g., blood or electrically conductive saline 
irrigant) causes a lower impedance path between the common 
electrode and the individual electrode terminal. The isolated 
power sources for each individual electrode may be aeparete 
power supply circuits having internal impedance 
characteristics which limit power to the associated electrode 
terminal when a low impedance return path is encountered or 
may be a single power source which is connected to each of the 
electrodes through independently actuable switches. 

The tip region of the probe is thus composed of many 
independent electrode terminals designed to deliver electrical 
energy in the vicinity of the tip. The selactive heating of 
the target tissue is achieved by connecting each individual 
electrode terminal and the common electrode {e.g., a band of 
conductive material proximal to the electrode array at the tip 
or an external electrode which is placed on the outside of the 
patient *s body) to a power source having independently 
controlled or current- limited channels. The application of 
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high frequency voltage between the comnon electrode and the 
electrode array results in the conduction of high frequency 
current from each individual electrode terminal to the said 
conaon electrode. The current flow from each individual 
electrode^teminal""to the coBunon electrode is controlled by 
either active or passive means, or a combination thereof, to 
deliver electrical energy to the target tissue while 
aininizing energy delivery to surrounding (non-target) tissue 
and any conductive fluids which may be present (e.g., blood, 
electrolytic Irrigants such as saline, and the like) . 

In a preferred aspect, this invention takes 
advantage of the differences in electrical resistivity between 
the target tissue (e.g., articular cartilage or 
fibrocartilage) and the surrounding conductive liquid (e.g., 
isotonic (normal) saline irrlgant) . By way of example, for 
any selected level gf applied voltage, if the electrical 
conduction path between the common electrode and one of the 
individual electrode terminals within the electrode array is 
isotonic saline irrlgant llqttld (having a relatively low 
electrical resistivity), said current control means connected 
to the individual electrode will limit current flow so that 
the heating of intervening conductive liquid is minimlred. In 
contrast, if a portion of or all of the electrical conduction 
path between the common electrode and one of the individual 
electrode terminals within the electrode array is articular 
cartilage or fibrocartilage (having a relatively higher 
electrical resistivity), said current control circuitry or 
switch connected to said individual electrode will allow 
current flow sufficient for the heating or ablation or 
electrical breakdown of the ta-get tissue in the immediate 
vicinity of the electrode surface. 

The application of a high frequency voltage between 
the common or return electrode and the electrode array for 
appropriate time Intervals effects ablation, cutting or 
reshaping of the target tissue. The tissue volume over which 
energy Is dissipated fl.e., a high voltage gradient exists) 
may be precisely controlled, for example, by the use of a 
multiplicity of small electrodes whose effective widths (i.e.. 
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dia-eters for round wire t.minals) range from about 0.05 mm 
to 2 wm, preferably fro« about o.l »« to l am. Electrode 
tenninal areas for both circular and non-circular terminals 
will have a contact area below 5 ami^, preferably being in the 
range from O.OOl mn^ to 2 mB27Wd-s>ore--pref erably f roin 
0.01 mn* to 1 wm^. The use of small electrode terminals 
reduces the extent and depth of tissue necrosis aa a 
consequence of the divergence of current flux lines which 
emanate from the exposed surface of each electrode terminal- 

10 Energy deposition in tissue sufficient for irreversible damage 
(i.e., necrosis) has been found to be limited to a distance of 
about one-half to one electrode terminal diameter. This is a 
particular advantage over prior electrorsurgical probes 
employing single and/or larger electrodes where the depth of 

15 tissue necrosis may not be sufficiently limited. Heretofore, 
increased power -application and ablation rates would usually 
be achieved by increasing the electrode area. Surprisingly, 
with the present invention, it has been found that the total 
electrode area can be increased (to increase power delivery 

20 and ablation rate) without Increasing depth of necrosis by 

providing multiple small electrode terminals. Preferably, the 
terminals will be spaced-apart by a distance in the range from 
one-tenth diameter to one diameter for optimum power delivery, 
with smaller spacing between larger terminals. The depth of 

25 necrosis may be further controlled by switching the applied 
voltage off and on to produce pulses of current, said pulses 
being of sufficient duration and associated energy density to 
effect ablation and/or cutting while being turned off for 
periods sufficiently long to allow for thermal relaxation 

30 between energy pulses. In this manner, the energy pulse 
duration, magnitude and the time interval between energy 
pulses are selected to achieve efficient rates of tissue 
ablation or cutting while allowing the temperature .'. the 
heated zone of tissue to "relax" or return to normal 

35 physiologic tec^eratures before the onset of the next energy 
(current) pulse. 

The rate of energy delivery to the targat tissue Is 
controlled by the applied voltage level and duty cycle of the 
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voltag* pulse. Tha us« of high fr«gu«ncy currant niniaixas 
inducad stinulatlon of muscla tiasua or narva tisaua in th* 
vicinity of tba body structura baing traatad. In addition, 
high fraquanciaa ainliiza tha risk of inta rf aring with tha 


natural pacing of tha haart in circunstancas whara tha proba 
of tha prasanc invantion is uaad naar tha haart. 

Tha powar appliad to tha coanon alactroda and tha 
alaetroda array will ba at high or radio fraquancy, typically 
batwaan about 20 kHz and 20 MHz, usually baing batvaan about 
10 30 kHz and 1 MHz, and prafarably baing batvaan about 50 kHz 

and 400 kHz. Tha RMS (root naan squara) voltaga appliad will 
usually ba in tha ranga fron about 5 volts to 1000 volts, 
prafarably baing in tha ranga fron about 50 volts to BOO 
volts, and nora prafarably baing in tha ranga fron about 10 
15 volts to 500 volts. Usually, tha currant laval will ba 

saloctivaly liaitad. or controllad and tha voltaga appliad will 
ba indapandantly adjustabla, fraguantly in raaponsa to tha 
rasistanca of tissuas and/or fluids in tha pathway batwaan an 
individual alaetroda and tha eoaaon alactroda. Also, tha 
appliad currant laval nay ba in raaponsa to a tanparatura 
control Baans which aaintains tha targat tiasua taaparatura 
with dasirad limits at tha intarf aca batwaan tha alactroda 
arrays and tha targat tissua. Tha dasirad surf aca twBparatura 
of tha targat tiasua will usually ba in tha ranga froa about 
25 40»c to 500'C, and aora usually froa about 50»C to 300*C. 

Tha prafarrad power source of the praaent invantion 
delivers a high frequency current selectable to genarate 
average power levels ranging froa tans of aillivatts to tana 
of watts per electrode, copending on the target tissue being 
heated, tha rata of ablation desired or the aaxiaua allowed 
teaparatura selected for the probe tip. The power sourea 
allows the user to selact the current level according to tha 
specific requireaents of a particular arthroscopy procwlura or 
other endoscopic procedure. 
5* The power source will be current liaitad or 

otherwise controlled so that undesired heating of alactrically 
conductive fluids or other low electrical rasistanca tissues 
does not occur. In a presently preferred aabodiaant of tha 


^ wo 9472021 


15 


FCT/USM/OSKS 


prarant invention, current Uniting inductors are placed in 
series with each independent electrode terminal, where the 
inductance of the inductor is selected to provide high 

iapedance at the frequency of operation. Alternativel y, 

5 capacitor-inductor (LC) circuit structures nay be employed, as 
described in more detail below. Additionally, a current 
limiting resistor may be selected having a large positive 
temperature coefficient of resistance so that, as the current 
level begins to rise for any individual electrode in contact 
10 with a low resistance medium (e.g., saline irrigant) , the 
resistance of the current limiting resistor increases 
significantly, thereby minimizing the power delivery from said 
electrode into the low resistance medium (e.g., saline 
irrigant). Thus, the electrode terminal sees a relatively 
15 constant current source so that power dissipation through a 
low resistance path, e.g., normal saline irrigant, will be 
substantially diminished. 

As an alternative to such passive circuit 
structures, constant current flow to each electrode terminal 
20 may be provided by a multi-channel power supp: . a 

substantially constant current level for each idividual 
electrode terminal within a range which will l; it power 
delivery through a low resistance path, e.g., isotonic saline 
irrigant, would be selected by the user to achieve the desired 
25 rate of cutting or ablation. Such a multi-channel power 

supply thus provides a constant current source with selectable 
current level in series with each electrode terminal, wherein 
all electrodes will operate at or below the same, user 
selectable maximum current level. Current flow to all 
electrode terminals could be periodically sensed and stopped 
if the temperature measured at the surface of the electrode 
array exceeds user selected limits. Particular control system 
designs for implementing this strategy are well within the 
skill of the art. 

. Yet another alternative involves the use of one or 
several power supplies which allow one or several electrodes 
to be simultaneously energired and which include active 
control means for limiting current levels below a preselected 
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aaxinuB level. In thie arrangenent, only one or several 
electrodes would be simultaneously energized for a brief 
period. Switching means would allow the next one or several 

electrodes to be energized for a brief period. By 

5 sequentially energizing one or several electrodes, the 

interaction between adjacent electrodes can be minimized (for 
the case of energizing several electrode positioned at the 
maximum possible spacing within the overall envelope of the 
electrode array) or eliminated (for the case of energizing 

10 only a single electrode at any one time) . As before, a 
resistance measurement means may be employed for each 
electrode prior to the application of power wherein a 
(measvired) low resistance (below some preselected level) will 
prevent that electrode from being energized during given 

15 cycle. By way of example, the sequential powering and control 
scheme of the present invention would function in a manner 
similar to an automobile distributor. In this example, an 
electrical contact rotates past terminals connected to each 
spark plug. In this example, each spark plug corresponds to 

20 the exposed surface of each of the electrodes. In addition, 
the present invention includes the means to measure the 
resistance of the medium in contact with each electrode and 
cause voltage to be applied only if the resistance exceeds a 
preselected level. 

25 The electrode array is formed over a contact surface 

on the shaft of the electrosurgical probe. The area of the 
contact surface can vary widely, and the contact surface can 
assume a variety of geometries, with particular areas in 
geometries being selected for specific applications. 

30 Electrode array contact surfaces will have areas as set forth 
above and can be planar, concave, convex, hemispherical, 
conical, or virtually any other regular or irregular shape. 
Most commonly, the electrode arrays will be formed at the 
distal tip of the electrosurgical probe shaft, frequently 

35 being planar, disk-shaped, or hemispherical surfacec for use 
in reshaping procedures or being linear arrays for use in 
cutting. Alternatively or additionally, the electrode arrays 
may be formed on lateral surfaces of the electrosurgical probe 
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shaft (m.g.. in th« »ann«r of a spatula), facilj eating access 
to certain body structures in electrosurgical procedures. 

In an exemplary embodiaent as shown in Fig. i, a 
probe 10 includes an elongated shaft 13 which may be flexible 

or-rigid,—wlth-flexible-shafts-optdonally being disposedwith 

support cannulas or other structures (not shown) . Referring 
to Figs. 1 and 2, the probe 10 Includes an array of electrode 
terminals 58 disposed on the distal tip 12 of shaft 13. The 
electrode terminals 58 are electrically isolated from each 
other and from a common or return electrode 17 which is 
disposed on the shaft proximally of the electrode array, 
preferably being with 1 mm to 25 mm of the distal tip 12. 
Proximally from the tip 12, the return electrode 17 is 
generally concentric with the shaft of the probe 10. Said 
probe 10 nay be constructed having zones of varying 
flexibility (or conversely, stiffness) along the probe length. 
It is advantageous, for example, to have greater flexibility 
(i.e., lesser stiffness) at the distal end of the probe 10 
(region L3 in Fig. i) in order to increase the capability of 
the probe to gain access to operative sites which are not in a 
direct line path with the entrance site into the body cavity. 
In the preferred embodiment illustrated in Fig. 1, probe 10 
would have two or three regions wherein regions and are 
stiff er than region L3. The preferred length for region L, is 
in the range from 0.5 mm to 25 mm, for region is in the 
range from 1 mm to 20 mm, and for region L3 is from 5 cm to 
25 cm. 

Still referring to Figs, l and 2, each of the 
terminals 58 is connected to an active or passive control 
networ)c within a power source and controller 28 by means of 
the individually insulated conductors 42. The proximal 
portion Of the proba 10 is also aquipped with a connector 19 
which can be removably connected to a connector 20 in a 
rausabla handle 22. The proximal portion of the handle 22 and 
cable 24 also has a connector 26 for providing the electrical 
connections to the controller 28. 

Referring to Fig. i, the power source and 
controller 28 provides high frequency voltage to the electrode 
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terminals 28 (of Fig. 2) by neans of a cable 24 froa connector 
20 in handle 22 to receptacla 26, the power source and 
controller 28. The power source and controller 28 has a 
selector 30 to change the applied voltage level. A 
conductor 44— extend8""fr on the connnon electrode 17 (Fig. 2) and 
is connected to the power source and controller 28 by the sane 
cable 24. The power source and controller 28 also includes 
the neans for energizing the electrodes 58 of probe lo through 
the depression of foot pedal 39 in a foot pedal 37 positioned 
close to the user. The assenbly 37 nay also include a second 
pedal (not shown) for renotely adjusting the energy level 
applied to electrodes 58. 

Referring to Fig. 2 and Fig. 3, the distal tip 12 of 
probe 10 in the preferred embodinent contains the exposed 
surfaces of the electrode teminals 58. The electrode 
terminals 58 are 8e9ured in a witrix 48 of suitable insulating 
material (e.g., ceramic or glass) which could be formed at 
tine of manufacture in a flat, hemispherical or other shape 
according to the requirements of a particular procedure 
Proximal to the distal tip 12, the isolated electrode wire. 42 
are contained in an insulating insert 14 (Fig. 3) of generally 
cylindrical shape extending fro. matrix 48 and into a tubular 
support member 56. 

Referring to Pig.. 2 and 3, the tubular support 
member 56 is preferably formed fron an electrically conductive 
material, usually netal, and is disposed within an 
electrically insulative jacket 18. The electrically 
conductive tubular support member 56 defines the common or 
return electrode 17 with respect to the array of individual 
electrodes 12 in order to complete the electrical circuit such 
that current will flow between each individual electrode 56 
and the common electrode structure 17. The common electrode 
17 is located near the distal tip 12 of probe 10. The 
in«ilating insert 14 distal to the common electrode 17 is 
composed of an electrically insulating material such as epoxy 
plastic, ceramic, glass or the like. The electrically 
conductive tubular support member 56 will preferably be 
sufficiently rigid to provide adequate column strength to 
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manipulate body structure* with the ehaft of probe 10. The 
tubular nenber 56 is conposed of a material selected from the 
group consisting of stainless steel i titanium or its alloys, 

molybdenum or its allo ys, an d nickel or its alloys. The 

electrically conductive tubular member 56 will preferably be 
composed of the same metal or alloy which forms the electrode 
terminals 58 to minimize any potential for corrosion or the 
generation of electrochemical potentials due to the presence 
of dissimilar metals contained within an electrically 
conductive fluid 50 such as isotonic saline commonly used as 
an irrigant for the intended applications. 

Referring now to Figs. 2 and 3, the common electrode 
terminal structure 17 includes a perforate shield 16 formed 
from an electrically insulating material which is porous or 
which contains openings which allow a surrounding electrically 
conducting liquid 50 (e.g., isotonic saline) to contact the 
electrically conductive layer 54 vmich is electrically coupled 
to the tubular member 56. As shown in Fig. 3, an annular gap 
5h may be provided between electrically insulating member 16 
and common electrode member 56. Proximal to the common 
electrode region 17, the tubular member 56 is covered over its 
entire circumference by the electrically insulating jacKet 18, 
which is typically formed as one or more electrically 
insulative sheaths or coatings, such as 

polytetrafluoroethylene, polyimide, and the like. The annular 
gap 54 preferably has capillary dimensions to maximize fluid 
contact even when the common electrode terminal structure 17 
is not fully immersed in the electrically conductive liquid. 

The provision of the electrically insulative jacket 
16 over the cimmon electrode structure 17 prevents direct 
electrical conjict betveien the surface of tubular member 56 
and any adjacent body structure. Such direct electrical 
contact between a body structure (e.g., tendon) and an ttxposed 
common electrode member 56 could result in unwanted heating 
an(l necrosis of the structure at the point of contact. As 
shown in Fig. 3, any contact between the common electrode 
structure 17 (including perforate shield 16} and a body 
structure will only result in the passage of relatively low 
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current density flux lines 60, thereby nininizing the Joulean 
heating which could occur in any adjacent body structure. 
^•t*rring to Figs, l and 3, electrical conaunication between 
tubular nember 56 and the connector 19 nay be provided by an 
5 electrically conducting lead wire 44. 

The electrode teminals 58 are electrically 
insulated from each other and are secured together in an array 
by the electrically insulating natrix 48. The insulating 
matrix 48 nay be ceraaic, glass or other high-teaperature 
) insulating material. Proxiaal to the distal tip 12, the 

electrode wires 42 are covered with an electrically insulating 
material (e.g., polyimlde) and are contained in tubular member 
56 which extends the length of the probe IJ. The distal tip 
12 end of the probe 10 includes the common electrode structure 
17 extending over a length Lj which may range from i to 20 am 
preferably being from 2 am to 20 aa. a tip offset provides 
a ainiaua separation between said common electrode 17 and the 
array of electrodes 12, usually being at least 0.5 mm, nore 
usually being at least 1 aa, and soaetiaes being 2 aa or 
greater, and preferably being in the range from 0.5 ma to 
2 aa. 

A central aspect of the present invention is the 
ability of the probe 10 to deliver high energy flux levels 
selectively only to the intended areas, i..., the target 
tissue T, and not to surrounding healthy tissue or 
electrically conducting fluids (e.g.. isotonic saline 
irrigant) . Such directed energy transfer results in selective 
heating of the target tissue which allows the probe to cut 
ablate or recontour the target tissue. Referring to Pigs '2 
and 3, When the electrode array 12 of the probe 10 is engaged 
against a region of target tissue 52, some of the electrode 
terminals 58 will be in contact with target tissue, while 
other electrode terainals may be in contact with electrically 
conducting fluid 50. Each of the electrode terainals 58 
experiences an electrical iapedance which is characteristic of 
the material which is disposed between the individual 
electrode terainals 58 and the common electrode structure 17 
The present invention takes advantage of the fact that the 
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electrical inpadance (resistivity) of typical target tiiasua at 
frequeneiee of 50 kHz or greater (e.g., f ibrocartilage and 
erticular cartilage) is higher by a factor of approximately 
four_or_»ore_than-that-of— the-eurrounding-eiectrically 


conducting fluid 50 typically used as an irrigant during 
arthroscopic and endoscopic procedures. Thus, if the current 
passing through each of the electrode terainals 58 is limited 
to a preselected BaxiBum value, the regions of higher 
electrical resistance will generate nore Joulean heating 
(power - i2r. Where I is the current through resistance, R) 
than a region of lower electrical resistance. 

In contrast to the present invention, 
electrosurgical nethods and apparatus of the prior art 
involving a single electrode exhibit substantially reduced 
effectiveness when a portion of the exposed electrode is in 
contact with a low-resistance pathway (e.g., isotonic saline 
irrigant). in those circuastances , the najority of power 
delivered froB the single electrode tip is dissipated within 
the low resistance electrically conducting fluid, thereby 
eignif icantly reducing the capability to cut or ablate the 
target tissue. 

FurtherBore in accordance with the teachings of the 
present invention, teapersture aeasureeent Beans Bay be 
provided in the distal tip 12 to li»it the power delivery if 
—sured te.peratures exceed user selected levels. Therefore 
by either one or a coBbination of both Beans described above ' 
the target tissue will be selectively heated up while the 
conductive liquids will experience a Biniaal rise in 
teBperature. Thus, the probe 10 will selectively and 
efficiently cut or ablate the target tissue. 

Still referring to Fig. 3, another aspect of the 
present l„v«,tlon is the restriction of high current densities 
or fluxes to a confined region 62 a. defined by the current 
flux lines 60. The confi„«.ent of the high current densities 
to a liBited region 62 allow, healthy tissue nearby to r..ain 
ILZ T ^"^y'-^ogic teaperatures, thereby li«iting ' 

the depth Of necrosis into surrounding or underlying healthy 
tissue 52 to a depth of epproxiaately one electrode diaaeter 
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Altamatively, by enarglzlng only one or several electrode 
terminalB 58 at any one tlae, the depth of necrosis can be 
^ still further reduced since the theraal relaxation tine 

between energy pulses for any specific electrode will se rve to 

5 further linit the depth of necrosis. 

Referring to Figs. 1 and 4, the proxiaal end of 
probe 10 includes a connector 19 which includes a Multiplicity 
I of electrically conductive pins or contacting nember 74 which 

are in electrical conaunication with each electrode wire 42. 
10 Said electrical conununi cation nay be accomplished through 

mechanical crinping of the terainus of connector pin 74 onto 
the bare (exposed) electrode lead wire 42 at location 80. 
Alternatively, the electrode lead wire nay be welded, brazed 
or soldered to the connector pin 74 at location 80. Likewise 
the return wire 44 electrically communicating with the common' 
electrode member 56 ,is connected to one connector pin 76 in a 
like manner as described above for the electrode leads. 

The multiplicity of connector pins 74 and 76 are 
maintained in a predetermined spaced-apart relationship which 
corresponds to a mating receptacle 20 at the distal end of the 
handle 22. The position of the contact pins 74 and 76 is 
aaintained by an electrically insulative member 78 which is 
secured within a connector housing 72 using adhesives 
ultrasonic welding or the like. Alternatively, the connector 
housing may be overmold«I around the connector pin assembly 78 
and proximal end of the probe shaft member. i„ the embodiment 
shown in Fig. 4, the electrically conductive tubular member 56 
IS inserted into the distal end of the connector 72 and 
secured using an adhesive or potting material (e.g., epoxy) 
The electrically insulative jacket 18 extends from the 
proximal edge of the common electrode structure 17 to and over 
an extension 73 at the distal end of the connector housing 72 
The electrically insulating jacket 18 thereby effect, a liquid 
tight seal at an interface 82 between the jacket 18 and the 
35 connector extension 73. The seal prevents the leakage of 

electrically conductive liquid (e.g., isotonic saline) into 
the cavity containing the electrical leads and connector pins 
which could result in an electrical short between the 
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electrodes and/ or between any electrode and the comnon 
electrode 17. 

Still r«ferrln9 to Fig. 4, a sealing means 84 nay 

_al8o_be_provided-at-the-proxi«al-end-of-the-conncctor housings 


aAwuaxil^ 

72 in order to minimize the leakage of electrically conductive 
liquid (e.g., isotonic saline) at the interface between the 
connector 19 and the handle connector 20. said seal member 64 
may include a conventional elastomeric o-ring placed in a 
suitably sized o-ring groove within the connector housing 72. 

Referring to Figs. 5 and 6, an embodiment of the 
present invention designed for rapid ablation of body 
structures includes a circular array 12 of electrode terminals 
58 maintained in a spaced-apart relationship by electrical 
insulating matrix 48. For convenience, identical numbering 
for similar elements will be used for all embodiments, said 
electrode terminals. 5C may be fabricated using wires having 
diameters in the preferred range set forth above with an 
electrically insulating coating extending up to or through the 
electrically insulating member 48. The regions of the 
electrode terminals 58 distal to the distal face of the 
electrically insulating matrix 4 8 are bare (i.e., no 
electrically insulating coating) so that the electrode 
terminals 58 are directly exposed to the surrounding 
electrically conductive liquid (e.g., isotonic saline) or body 
structure. The wires and electrode terminals 58 will usually 
be metals or metal alloys, preferably being selected from the 
group comprising titanium, tantalum, molybed«um, tungsten 
platinum, rhodium, and alloys thereof. The wires and 
electrode terminals 58 may be solid or may be composites 
including a core wire which has been coated with one or more 
of the above metals, compounds or alloys thereof. The 
electrically insulative matrix 48 may be ceramic or gl«». or 
glass/ceramic composition (e.g., alumina, borosilicate glass, 
quartz glass, or the like). 

Still referring to Figs. 5 and 6, the electrode 
terminals 58 may extend a distance X3 beyond the distal face 
Of the electrically insulating matrix 48. The extension 
lengtl X3 may range from 0.05 to 1.0 mm, more pr^f-r^Mv being 
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in the rang* froa O.l nn to 0.4 na. The interelectrode 
spacing ranges from 0.07 bub to 0.4 mn. The electrode 
terminals 58 nay be circular, square, rectangular, triangular 
or polygonal, or irregular in cross-sectional shape. The 

-characteristic diaension-D^(i-reT^diawBter~iir"the case of 

circular electrodes shown in Fig. 6) ranges fron O.l na to 0.5 
aa depending on the overall size of the probe, the rate of 
ablation required and the aaxiaua allowed depth of necrosis of 
the body structure being treated. The overall dianeter of 
the electrode array 12 aay range froa 0.5 aa to 10 nn, nore 
preferably 1 aa to 5 aa, depending on the particular 
application and sisa of the body structure to be treated, in 
the case of the circular electrode array 12 shown in Fio. 6, 
the electrode terainals 58 are positioned a saall distance Xj 
15 froa the periaeter of the electrically insulating aatrix 48. 
Said distance Xj i& preferably aaintained as saall as 
practical tt aaxiaize the sone of body structure ablated so 
that it approxiaates the diaaeter Dj of the distal end of the 
probe 10, thereby peraitting the probe to readily engage the 
20 body structure to be ablated without aeehanical resistance 
resulting froa an excessive border or distance Xa where no 
ablation has occurred. The distance Xj is preferable less 
than 0.5 aa and aore preferably less than 0.3 nmi. 

Referring to Fig. 7 another embodinent of the 
present invention intended for saoothing of body structures 
(e.9., articular cartilage located on the surface of a 
condyle) while ainiaizing the depth of necrosis of the 
underlying tissue includes electrode terainals 58 in an 
electrical insulating aatrix 48 is siailar to the array shown 
30 in Figs. 5 and 6 except that the electrode terainals 58 are 
flush with the surface of the electrically insulating 
aatrix 48. The rats of ablation achievable with the use of 
-flush" electrode terainals 58 is lower than that for 
electrodes which extend beyond the face of the electrically 
insulative aatrix 48, but such flush electrode structure can 
provide a saoother surface on the body structure being treated 
while Biniaizing the depth of ablation and necrosis. 
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Referring to rig. 8, an alternative configuration of 
the shaft of a probe 100 is illustrated. This configuration 
is similar to the electrode array on distal tip 12 of probe 10 

and shaft 14 arrangenent shown in Figs. 5 and 7 , except that 

the Shaft 14 near the distal end of probe loo is bent at an 
angle with respect to the longitudinal axis of the probe. 
Said angle nay range from about 15 degrees to 90 degrees or 
«ore depending on the particular tissue structure to be 
treated. By way of example, the electrode terminal 58 
arrangement shown in Fig. 8 allows the electrode array to move 
over a body structure disposed parallel to the longitudinal 
axis Of the probe lOO with said movement corresponding to 
forward and backward motion of the probe handle 22. -aid 
electrode terminals 58 may extend beyond the surface of the 
electrically insulating matrix 48 as shown in Figs. 5 and 8 or 
may be flush with -the electrically insulating matrix 48 as 
shown in Pig. 7. 

yet another embodiment of the electrode array of the 
present invention is illustrated in Fig. s, wherein elLtrode 
terminals 58 are disposed on two (or more) surfaces of the 
distal end of a probe 120. By way of example, electrode 
terminals 58a may be located on a lateral surface, spaced- 
apart by an electrically insulative matrix 48a, and 
electrodes 58b may be located on the distal tip of the 
probe 120, spaced-apart by an electrically insulating 
»atrax 48b. The two electrode arrays are supported ly ^ 

r'r'atatr''"/""'*''"' "•"^"'^ '^"''""^^ --0-0 
a raumatic edges 80 to prevent any unwanted mechanical damage 

(..7., abrasion) to the tissue being treated. As described I„ 
the prevaous embodiments, a common electrode structure 17 is 
disposed proximal to these electrode arrays to provide f or Ih. 
return electrical current path. 

Yet another embodiment of the present invention is 
illustrated in Figs, lo and ll. i„ this embodiment, .„ 
•lectrically insulating shield 74 (or member with electricallv 
in^ ative coating) extend, beyond an array of electrl ' 
terminals 58 having . width, length and thickness suitable to 
allow the electrode terminals 58 at the tip of probe 140 to 
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•rgag* • body structur. 52 (m,g,, meniscus) whil. preventing 
any current flow and related damage to another closely 
positioned body structure 92 (e.^-, the nearby articular 
cartilage 92 located on the surface of the condyle 90) . In 
— this manner, the array of alectrode^t^rminal 58 can be brought 
into close contact with the target tissue 52 without 
endangering any critical body structures nearby. By way of 
example, shield 74 may be a metal tab or extension from the 
probe body which is covered or coated with electrical 

10 insulation. Alternatively, the spatula shaped member 74 may 
be formed by injection molding as an integral portion of the 
insulating insert 14. 

Yet another embodiment is illustrated in Fig. 12 and 
is designed for cutting of body structures. In this 

15 embodiment, the electrode terminals 58 are arranged in a 

linear or columnar larray of one of more closely spaced columns 
so that as the electrodes 58 are moved along the longer axis 
(denoted by arrow 160 in Fig. 12), the current flux lines are 
narrowly confined at the tip of the electrode terminals 58 and 

20 result in a cutting effect in the body structure being 

treated. As before, the current flux lines 60 emanating from 
the electrode terminals 58 pass through the electrically 
conducting liquid to the common electrode structure 17 located 
proximal to the probe tip. 

25 Referring now to Figs. 13, 14 and 15, several 

alternative geometries are sho%m for the electrode 
terminals 58. These alternative electrode geometries allow 
the electrical current densities emanating from the electrode 
terminals 58 to be concentrated to achieve an increased 

30 ablation rate and/ or a more concentrated ablation effect due 

to the fact that sharper edges (I.e., regions of smaller radii 
of curvature) result in higher current densities. Fig. 13 
illustrates a flattened extension of a round wire electrode 
terminal 58 %rhich results in higher current densities at the 

35 . edges 180. Another example is 8ho%m in Pig. 14 in which the 
electrode terminal 58 is formed into a cone shaped point 182 
resulting in higher current dansities at the tip of tha cone. 
Yet another example is 8ho%m in Fig. 15 in which the electrode 
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56 is a square vira rathar than a round vira* The use of a 
square wire results in high current densities along each edge 
184 which results from the juncture of adjacent faces. 

Referring to—FigT^rs^a high frequency-power supply 

28 comprises a voltage source 98 which is connected to a 
multiplicity of current limiting elements 96a, 96b,. ..,962, 
typically being inductors having an inductance in the range 
from 100 to 5000 microhenries, with the particular value 
depending on the electrode terminal dimensions, the desired 
ablation rates, and the like, in the case of ablation of 
articular and f ibrocartilage, suitable inductances will 
usually be in the range from 50 to 5000 microhenries. 
Capacitors having capacitance values in the range from 200 to 
10,000 picofarads may also be used as the current limiting 
elements. 

Current limiting elements may also be part of a 
resonant circuit structure having a capacitor lOl in series 
with the electrode terminal and an inductor 103 between the 
electrode lead and the common lead, as illustrated in 
Fig. 16A. The inductor and capacitor values arj selected 
according to the operating frequency of the voltage source 98. 
By way of example, at an operating frequency of 100 kHz, 
current limiting circuit structures may incorporate 
inductor/ capacitor combinations such as (1) 2530 microhenries 
and 1000 picofarads; (2) 5390 microhenries and 470 picofarads; 
or (3) 11,400 microhenries and 220 picofarads, respectively. 

It would also be possible to use resistors as the 
current limiting elements. The use of resistors, however, is 
generally leas preferred than use of inductors or 
capacitor/ inductor tuned circuit structures since resistors 
will have significant IR' power losses which are generally 
avoided with the circuits of Figs. 16 and 16A. 

Referring to Figs, l, 16, and 16A, each of the 
individual leads 97 from the current limiting elements 96 and 
101/103 are removably connected to leads 92 in cable 24 via 
connector 26. A common electrode lead 99 from voltage source 
98 is removably connected to lead 94 in cable 24 via the same 
connector 26. Each of the electrode leads 92 and common 
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electrode lead 94 in cable 24 extend into and through handle 
22 and teminate in connector 20 located at the distal end of 
handle 22. As described with reference to Figs. 3 and 4, 

— elBctrical-leads-92-and-Coiiunon_electrode_lead-94— connect— to 

electrode leads 42 and connon electrode lead 44, respectively, 
via the interface between removably attachable connectors 19 
and 20. In this Banner, each of the electrodes in array 12 
can be powered by a single voltage source 98 with independent 
current limiting elements or circuit structures attached to 
each electrode lead 42 via cable lead 92 and controller 
lead 96. 

Current limitation could alternatively be 
accomplished by providing a separate power supply and current 
measuring circuitry for each electrode terminal. Current flow 
to any electrode terminal which exceeds a preselected (or 
adjustable) limit' wv>uld be decreased or interrupted. 

Another embodiment of the probe of the present 
invention intended for cutting or ablation of body structures 
surrounded by electrically conducting liquid (i.e., isotonic 
saline irrigant) is shown in Fig. 17. Two pairs of electrode 
terminals 58a/59a and 58b/59b having flattened tips are shown. 
Leads 58a and 58b are electrically insulated from each other 
and are Individually connected to a separate power source or 
common voltage supply with independent current limiting 
circuitry, as discussed above, if an independent power source 
is used for each pair, then current flow between the 
electrodes in pair 58a and 59a as well as between the 
electrodes in pair 58b and 59b. if the leads 44a and 44b from 
electrodes 59a and 59b are connected to a common electrode 99 
in power supply 28, then current will flow between electrode 
terminals 58a/58b and electrodes 59a/59b. In particular, 
current will also flow between electrode 5Bb and 59a. The 
linear arrangement of electrodes in Fig. 17 is particularly 
well-suited to rapid cutting of body structures while 
restricting current flux lines 60 to the near vicinity of the 
tip of the probe. 

Another embodiment of the probe of the present 
invention is illustrated in Fig. 18. The probe 200 contains a 
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flexible distal region 112 which can be deflected relative to 
a longitudinal axis 114. Such deflection aay be selectively 
induced by mechanical tension, by way of example, through 
axial translation of thumb slide lOB located on handle 22 
5 which, in turn, increases or decreases tension on a radially 
offset pull wire 110 connected between the slide and the 
distal end of the probe 200. Alternatively, a shape memory 
wire may be used which expands or contracts in response to 
temperature changes in the wire induced by externally applied 

10 heating currents. Thtimb slide 108 could be connected to a 
rheostat (not showii) which would control a heating current 
through the wire 110, causing the wire to expand or contract 
depending on the level of the applied current. Said 
controllable deflection means improves access to body 

15 structures in certain surgical situations. 

Although 'the foregoing invention has been described 
in some detail by way of illustration and example, for 
purposes of clarity of understanding, it will be obvious that 
certain changes and modifications may be practiced within the 

20 scope of the appended claims. 
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1. An ttlftctrosurgleal prob# conprifiing: 
a-shaftn^havlng-a-proxiaal— •nd-and-a-dis^al-cn^ 

an alactroda array diapoaad naar tha distal end of 
tiha ahaftf said array including a plurality of alectrically 
isolatad alactroda taminals disposad over a contact surface; 
and 

a connector disposed near the proxinal and of the 
shaft for alectrically coupling the electrode terminals to a 
high frequency voltage source. 

2. An electrosurgical probe as in clain i, 
wherein the shaft is generally rigid over at least a portion 
of its length. 

3. An electrosurgical probe as in claim 
wherein the ahaft is flexible over at least a portion of its 
length. 

4. An electrosurgical probe as in claim 3, 
wherein the shaft is flexible over at least its distal end and 
further comprising means for selectivaly deflecting the 
flexible distal end. 

5. An electrosurgical probe as in claim i, 
further comprising a common electrode on the shaft, wherein 
the connector also electrically couples the common electrode 
to the high frequency voltage sourca. 

6. An mlectrosurgical probe as In claim s. 
further comprising a pu-f orate elactrically non-conductive 
shiald over the common electrode. 


7. an alectrosurgical probe as in claim 6. 
Wherein the shield is spaced radially apart from the common 
electrode to form a capillary gap. 
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8. An •lactrosurglcal proba mm in claia 
vb«r«in the electrode array i» disposed over the dietal tip of 
the shaft. 


5 9. An electrosurgical probe as in clais s, 

wherein the common electrode is a band electrode spaced 
proximally of the electrode array by a distance in the range 
from 0*5 mm to 2 mm* 

10 10. An electrosurgical probe as in claim 9, 

wherein the electrode array has an area in the range from 0.01 
mm^ to 2.5 cm^. 

« 

11. An electrosurgical probe as in claim 3, 

15 wherein the. isolated electrode terminals each have a contact 
area below 5 mm^.. 

12. An electrosurgical probe as in claim lir 
wherein the isolated electrode terminals have an area in the 

20 range from 0.001 mm^ to 2 mm^. 

13. An electrosurgical probe as in claim 12, 
wherein the electrode terminal area is in the range from 
0.01 mm^ to 1 mm^. 
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14. An electrosurgical probe as in claim i* 
wherein the electrode array is disposed over a lateral surface 
of the shaft. 

15. An electrosurgical probe as in claim l# 
wherein the electrode array is arranged in a linear pattern to 
act as cutting blade. 
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16. An electrosurgical probe 
wherein the electrode array includes at 
terminals. 


as in claim i# 
least four electrode 


10 
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output or duty cycle of the voltago source In response to a 
teaperature set point and a aeasured tsnperature value 
received froa the electrosurgical probe through the connector. 


5 24^ An electrosurgical system coaprising an 

electrosurgical probe and an electrosurgical pover supply, 
wherein the electrosurgical probe comprises: 

a shaft having a proximal end and a distal end; 
an electrode array disposed near the distal end of 
10 the shaft, said array including a plurality of electrically 
Isolated electrode terainals disposed ovea: a contact surfaces- 
end 

a connector near the proximal end of the ^haf t for 
electrically coupling the electrode terainals individually to 
15 the electrosurgical pover supply; 

and wherein the electrosurgical power supply 

eoaprises: 

a aultiplldty of independent current sources; and 
a connector which aates with the shaft connector to 
20 electrically couple individual ones of said current sources to 
individual ones of said electrode terainals. 

25. An electrosurgical systea as in claim 24. 
wherein the shaft is generally rigid over at least a portion 

25 of its length. 

26. An electrosurgical systea as in claim 25. 
wherein the shaft is generally flexible over at least a 
portion of its length. 


27. An electrosurgical aystea as in clala 25. 
further coaprising a coamon electrode on ttm shaft, wherein 
the connector also electrically couples the common electrode 
to the high frequency voltage source. 

28. An electrosurgical systea as in claim 27. 
vherein the eoaaon electrode is aounted over the exterior of 
the shaft and spaced proxiaally froa the electrode array. 
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29. An electrosurgiciil systM as in clain 7a, 
vhftr«in the Alactrodtt array is disposed over the distal tip of 
the shaft. 


30^ An electrosurgical systen as in clXinn^T, 
wherein the electrode array is disposed over a lateral surface 
of the shaft. 


31. An electrosurgical system as in claim 24, 
wherein the electrode array is arranged in a linear pattern to 
act as cutting blade. 

32. An electrosurgical system as in cla^m 24. 
wherein the electrode array includes at least 6 electrode 
terminals. 

33. An electrosurgical system as in claim 24. 
further comprising a temperature sensor located in the 
electrode array wherein the connector also electrically 
couples the temperature sensor to the high frequency voltage 
source. 

34. An electrosurgical system as in claim 24, 
wherein the independent current-limited voltage sources 
comprise current limiting resistors in parallel with each 
other and in series with a common voltage source. 

35. An electrosurgical system as in claim 24. 
further comprising a temperature controller which adjusts 
output of the voltage source in response to a temperature set 
point and a measured temperature value received from the 
electrosurgical probe through the connector. 
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36. An electrosurglcal probe substantially as herein 
described with reference to any one of the accompanying 
drawings . 


37. An electrosurgical power supply as claimed in 
claim 20 substantially as herein described with reference to 
any one of the accompanying drawings « 

38. An electrosurgical system substantially as 
herein described with reference to any one of the accompanying 
drawings. 


END OF CLAIMS 
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